This study was undertaken to find out the relationship between various body parameters to identify the measurement that correlates most closely to stature. Sitting height, standing height, arm span and leg lengths of 505 healthy women between the ages of 20 and 29 were measured. The relationship between the parameters was determined by computing correlation coefficients and 95% confidence intervals. The correlation between sitting height, arm span and leg length were poor (r=0.56 and 0.29 respectively), while the correlation of arm span and leg length with standing height were good (r=0.82 and 0.84 respectively). These estimations can be of use in quantifying the age related loss in stature and in identifying individuals with disproportionate growth abnormalities and skeletal dysplasias. It can also be useful to find out the alterations in the height of an individual that may occur due to progressive deformities of the spine. The adequacy of the correction of spinal deformities may also be facilitated by computing the ratio of arm span to standing height.
I N T R O D U C T I O N
Measurement of the height of patients is required for determination of basic energy requirements, standardization of measures of physical capacity and for adjusting drug dosage. However, in some situations the exact height cannot be determined directly because of deformities of the limbs or in patients who have undergone amputations. In such circumstances, an estimate of the height has to be computed based on other body parameters. These estimations are also of prime importance in predicting age-related loss in stature, identifying individuals with disproportionate growth abnormalities and skeletal dysplasia or height loss during surgical procedures on the spine. These measurements also have found application in normalizing pulmonary function in scoliosis. 2 Several studies have reported the effectiveness of using various body parameters in predicting body height 3, 4, 8 and the arm span was found to be the most reliable. 3 However the association of arm span and height was found to vary from race to race. 5, 7 Even though several studies of this nature are available on western populations, very limited data is available on Indian subjects. 6 To our knowledge no such study has been reported for the South Indian population.
The aims of this study were to find out the relationship between different anthropometric measurements and the standing height of South Indian women and to identify the measurement that correlates most closely to standing height in such women.
MATERIALS AND METHODS
The subjects for this study were 505 apparently healthy women in the age group of 20-29. These subjects were selected randomly from colleges of Udupi district in Karnataka State of South India. This age group was selected because by this age the growth of the individual ceases. Girls were preferred because the investigators wanted to extend this study to patients with idiopathic scoliosis which is predominantly seen in girls.
The sitting height, standing height, arm span and leg length were measured for all individuals. Standing height was measured with the individual standing barefoot on the platform of the stadiometer with the upper back buttock and heels pressed against the upright position of the instrument. The subject's head was positioned in the Frankfort horizontal plane, and the head plate was brought into firm contact with the vertex. Sitting height was taken sitting on a stool kept on the platform of the stadiometer so that the head was in the Frankfort plane, the shoulders relaxed, the back straight, upper surface of the thighs horizontal, the feet supported and the back of the knee joint clear of the stool. The difference between sitting height and standing height was taken as leg length. Arm span was measured with a flexible steel tape from the tip of the middle finger on one hand to the tip of the middle finger on the other hand with the individual standing with her back to the wall with both arms abducted to 90°, the elbows and wrists extended and the palms facing directly forward. Readings were taken to the nearest 0.1 cm. Each subject was measured twice. When the two measurements for each parameter agreed within 0.4 cm, their average was taken as the best estimate for the true value. When the two initial measures did not satisfy the 0.4 cm criterion, two additional determinations were made and the mean of the closest records was used as the best estimate. To rule out intra-observer error, 40 subjects were measured again for all the three parameters after three weeks. These measurements were compared with initial measurements of the same subjects using the paired t-test and found to be statistically not significant.
Statistical Analysis
The inter-relationships between sitting height, standing height, arm span and leg length were determined using simple correlation coefficient and their 95% confidence interval. Then linear and multiple regression analyses were performed to derive the estimate of sitting and standing height in terms of arm span and leg length. Finally these relationships were plotted as scatter diagrams and regression lines. A pvalue less than 0.05 was considered as significant.
RESULTS
A summary of the various physical measurements determined on 505 women is shown in Table 1 . The average age of the subjects was 20.7 years. The mean sitting height was 79.35 cm (SD=3.29 cm), which was on average 2 cm more than leg length. The mean arm span was 159.14 cm (SD=7.06), which was also on average 2 cm more than standing height. Table 2 presents the correlation between the different physical measurements. The correlation of sitting height with arm span and leg length was poor (r=0.561, 0.294 respectively). The correlation of arm span and leg length with standing height was very good (r=0.816 and 0.842 respectively).
The results of linear regression analysis are shown in Table 3 . Initially, models were derived by including age as a covariate. However, the contribution of age was found to be insignificant. Hence age was dropped and estimates were derived as univariate analysis. The estimated regression lines for different parameters were obtained as:
Sitting The coefficients of determination of the above models were 31.5%, 66.6%, 8.6% and 70.9% respectively. These models are graphically represented in Figures 1 to 4 . The use of arm span as a predictor of height: A study of South Indian women 21 
DISCUSSION
Estimation of height using various physical measurements has been attempted by many authors. Chumlea 1 estimated stature from knee height, while Mitchel 4 correlated arm length with height. The one variable that proved to be consistently reliable in estimating height was the arm span. Steele and Chenier 7 , in a study on black and white women in the age group 35-89, reported correlations of arm span and height of 0.852 and 0.903 for black and white women respectively. In a similar study of blacks of both sexes in the age group 22-49, a correlation of 0.87 was observed between arm span and height. These results are similar to the correlation obtained in the present study (r=0.816).
In Steel and Chenier's study, arm span was nearly 8.3 cm more than height for blacks, whereas for whites, this difference was only 3.3 cm. 7 In the present study also we noted that the arm span was nearly 2.5 cm more than height, which is similar to that noted in the white population. Even though these relations are similar, the estimation equations which we obtained are clearly different from those of other populations. This emphasizes the need for developing separate models for each population on account of racial and ethnic differences in anthropometric measurements.
As reported by earlier authors, our study also failed to demonstrate a meaningful correlation of other physical measurements with height other than arm span and leg length. Though leg length was significantly correlated with height, we do not recommend its use for estimating stature for two reasons: (i) leg length contributing to an individual's height may be the cause of a very high correlation; (ii) deformities or amputations may preclude its use. We contend that arm span is the most reliable indirect physical measurement for estimating height. Since the estimating equation varies from race to race, similar studies for different races and regions are recommended.
C O N C L U S I O N
Arm span is the most reliable body parameter for predicting the height of an individual. It is useful in predicting age-related loss in stature and in identifying individuals with disproportionate growth abnormalities and skeletal dysplasias. It can also be of use in finding out the alterations in the height of an individual that may occur due to progressive deformities of the spine and following surgical correction of spinal deformities. 
